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LONIZM RADIATION IN THE PRODUCTION
OF BACTERIAL REPARATIONr

- USSR -

go.lowiing L•3 Lhe translation of an article by V.I.
TToitskiy in the Russian-language publication
Meditsinskaya Radiologiya (Medical Radiology),
Vol 2, No 5, 1957, pages 80-8-8

From the Institute of Epidemiology and Microbiology imeni
N. F. Gana3ey, Academy of Medical Sciences USSR.

Thise ar-1J!.Le •,z•'V- ;,.er~mntal data obtained in the De-
partent of Medical Microbiology of the Institute imeni N. F. Gamaley
by M. A. Tumanyan, Z. G. Pershinas, V. M. Vadimov, D. R. Kalain, I.
M. Goncharenko, A. P. Duaplisheheva, and T. S. Pedova, with the part-

l-e.pation of V. G. Khrushehev.
The foreign literature contains developed suggestions on cold

iterilizat±on of antibiotics, but except for general expressions on
the possibility of using ionizing radiation in the production of med-
ical baeterial preparations, we have not found specific suggestions
In this area. The production of bacterial preparations is an im-
porpant branch of the medical industry. We refer to the production
uo• only of medicinals, such as serums having naturally limited appli-

eation, but also of prophylactics., such as preventive vaccines, which

have been given to millions of persons.
various approaches are possible for the use of ionizing radi-

ation in producing bacterial preparations. Above all we have in
mind the use of ionizing radiation for cold sterilization. In the
proiduction of bacterial preparations sterilization is the main
ne,.essary element of any technological process. It is carried out
eJ J r in tc~lsves with superheated steam under pressure, or by
high temper:ature in dry-heat chambers, or finally by the addition
*,f antiep•ics.

The possibility of sterilizing preparations hermetically
ti:.. e• o. pr.-.A. intn ampules has given rise to a sterilization
meih,:k. theat i!- more improved and reliable than those presently
exi.jlng On the other hand, in the use of radiation sterilization
in p•,t:o jjng bacterial preparations qualitative change of the pre-

•C:•o! iR possible, the harmful effects induced by other sterili-
z.~netim ho s for example, the use of formalin or heat employed

, ',rR.1.ze vaL'-ir, es, can be eliminated. It also must be kept in
_iLku/i th'• te:rl.iorio through autoclaving has found widest appli-

'- .w."-a .In b .tt I!Jogis~l institutes. Therefore, the steam approach
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.,nspar.... a:, part or b •t1riulical production. Introducinr-
C'he31 CLld sterilization nethod w-ould free institutes producing
oer',is and vaccinces froa• the 'ont -rit need to be supplied with steam
production.

As objects of stertlization in the bacteriological industry
as well as in bacteriological research work are the following:
rnutrient media for raising bacteria, killed microbial vaccines,the
so-called "chemical" vaccines -- antigenic complexes extracted from
microbial bodies, anatoxins, therapeutic serums, glass dishes widely
used in bacteriological work, and finally, the production wastes of
the bacteriological industry which must be rendered harmless, for
which purpose several large autoclaves are in daily use in large
institutes.

A prerequisite for developing the use of radiational sterili-
zation in all the areas referred to is the determination of the
bactericidal dose of the -rrays, deadly not only to the vegetative
forms of bacteria but also to spore-borne microbes. In the methods
of cold sterilization of bandaging materials and penicillin that
have been suggested by the American investigators a sterilizing dose
of 1,500,000-2,000,000 r has been indicated.

In our experiments even in the sterilization of soil samples,
including top-dressing soils containing particularly resistant
spore-borne forms of microbes it has been found that irradiation in
a dose of 1,500,000 r assures the sterility of the sample irradiated.
A lesser dose -- 1,000,000 r -- kills the overwhelming majority of
such microbes. However, about 0.01% of the microbes, evidently the
most radiorezistant, remain viable. In addition, the experiments
have shown that to kill intestinal group bacteria even at a bacteria
concentration in suspension of 20 billion to 30 billion microbial
bodies per 1 ml a dose of 600,000 r is sufficient. The photographs
presented. taken with an electric microscope (Figure 1), show that
the bactericidal action of large doses of T--rays is related to
destruction of the microbial cells, their lysis, which however does
not eliminate their immunogenic properties.

Under the irradiation conditions we employed we settled on
a dose of 1,500,000 r as providing complete sterilization of the
irradiated objects. The radiation source in our experiments was
an experimental 'r-irroiator (EGO-2), which consists of a set of
radioactive cobalis (CoO 0 ) preparations with a total activity of
5000 C (80,000 r-eq. Ra). The dose strength was 600 r/min.
Irradiation was conducted in a field uniform as to volume with a
deviation not greater than 5%. Below are presented several experi-
mental data substantiating the means of using ionizing radiation in
producing bacterial preparations. We carried out a study on those
biological and immunological indices which are primarily important
for evaluating our preparations.
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Figure 1. Electronic nicrophotographs: effect of
T-rays on B. coli. Magnifications 6400.

1, 2 -- unirradiated; 3-6 -- irradiated; 3 -- at a dose
of 50,000 r; 4 -- at a dose of 300,000 r; 5, 6 -- at a
dose of 1,000,000 r.

Use of Ionizing Radiation for
Sterilizing Nutrient Media

One of the most widespread nurient media in medical bacterio-
logy is the Hauttinger agar, the basis of which consists of the
products of tryptinic digestion of meat. A prepared medium was
divided into three parts: one was subjected to usual sterilization
in an autoclave at 1200, another, following autoclaving, was irra-
diated with a dose of 1,500,000 r, while the third was sterilized by
irradiation at 1,500,000 r.

An unpleasant putrid odor, which gradually disappeared over the
nroxt several days, was noted in the irradiated media. The media was
tested 1, 7, and 14 days following sterilization. Cultures were
Jizoculated into Media poured into Petri dishes. Two strains of
typhoid fIoyer bacteri and two. strairi±s of Flaxner dysentery bacteria
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woro totited. For the inoculation tho same amount of each of the
bacturial nunponsiorw was usod. The number of colonies growing in
the dishos aftor a 24-hour ineubation in a -6oro9tat at 370 C was
dotormdned. //

":Aa soon from Table 1, where the number ýZ aolonies growing in
the rtdiws sterilized by autoclaving is ta"en/ 100 . in all the
ox or .ents in which the PKodin woro tooted at various times fol 01in
steriliatiun the nunblyr of colonies growing in the irradiated wdia
alwaya oxcoeded the nuwt#r of colmflon gro-urar in the autoolave-
storilizsd medium. In smvoral cases this nunb--r was very substantial

Table 1

Growth of Biacteria in 'Irradiated hiadia

5 tpid I ............ 1 141 116.6 fir III
I in" 4440.. 147 234 12(., 1e I,3.
a IIHMtW g....... .4. , 1. 1M4,4 1, 110.5 131,
IL. Nw Ila...... C..e . 101 IS

Ik0914Di1 a) Spocioa of bactuviia; b) % of rProwing
Colonleo; ooa '(C to UVi autoclavw WbeOulr;
j) lit dayg n) 71n (Iay; o) 14th day; f) Auto-
olaved and iriadtated ruAin; g) Irradiated
UlAEdiUI4.

Thun, irradiation not only does not decrease the nuttiont
proportiou of noat media for intestinal group bacteria, but even to
a oertwin oxtont onhanooo those properties. This can perhaps be
explained bly tho absence in radiation sterilization of the destruc-
tive action of high temxerature on several growth factors, which in
autoeluto sterilization can ýmpair the nutrient properties of the
nrdiwu. Hoevuer, aa soon froe the data presented the media first
autoclaved and then irradiated also exceeded in nutrient properties
tho media storilized only by autoolaving. More probable is the
au~geotion that as a result of proteolysis of the protein partioles
as yet uncloered, the amount of amino acid requisite for growth and
propagation of bacteria rises.

It was also important to find out whether irradiation of the
broth impedes the formation therein of diphtheria toxin, which is
the starting produot for preparation of diphtheria anatoxi". The



•revlments showed that in media irradiated even with a dose of
I,'.•, r, no less and usually even more toxin is formed than in

rredii s3triiL~ed in the autoclave.

Effec.t of Ionizing Radiation on the Antigenic
a)d Immunogenic Properties of Bacteria

Only sparse data exist on the effect ionizing radiation has
c• an!igenir! and immunogenic properties of bacteria. Nevler has

S3 ud'd the aition of radon on these properties.
in our experiments we studied the immunogenic properties

-i _yphoid fever and Flexner dysentery bacteria killed by
,.rridiation at a dose of 1,500,000 r (radio-vaccines) or killed by
.'rr=ai' 4 n, and then irradiated, as well as studying antigenic
: zc~piixes extracted from microbial bodies killed by ionizing radi
i ;!on, or antigenic complexes obtained-from formalinized minrobial

bý .en wrd ch had subsequently been irradiated at a dc-se -of
-t.,500,000 r.

:,t0 our experiments the immunogenic properties were evaluated

a' ;~di~to the resistivity index determined by testing the
tmmd,',7- of mice or rats vaccinated with the given preparation.
fe6,•- ---e took as the resistivity index the ratio of the LD50 of
Sc-ulture for the immunized animals to the LD5 0ofa live
-.ultlxre for the control nom-impimnized animals. In other experi-
merits. svaluation of immunognic properties was based on the per-,.

of mice surviving follciwing infection of,' the anilmals by the
=o•.-responding culture in anabsoluttely fatal dose. The experi-.
m~e-nta~i results are given in Table 2. -

As seen from the data presented in Table:2, we can state
-nat, no substantial difference exists in the immunogenic pro-
perties of corpuscular vaccines and those of antigenic complexes
cb-,aýnrec by killing bacteria with formalin or ionizing radiation.
It rms. be noted that for typhoid fever bacteria following their
r,-,4e-te-t with a dose of 1,500,000 r the Vi-antigen is preserved,

t his is shown by the reaction of hemagglutination with anti-Vi
a.e3r%, a.d the ability to induce antibody formation upon immuniza-

•..on of animals is also wholly preserved. The experiments also
hare stncwn that there is no substantial difference either in the
da.lc,. d or in the titer of the antibodies formed as a result of
<.,i'ummxj.zatic, by radio-vaccines or formalin vaccines (Table 3).

"t, is uiso important that irradiation does not increase the

t::V.. '-. .y to laboratory animals of the typhoid fever and dysentery
v ~ a.:jj ..killed by ionizing radiation.

Thu;,•, an approach has been uncovered for using ionizing
.• .;,~.. -.n -the preparation of intestinal vaccines of both the

.r a, he chemical types.
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Table 2

win. jW ItmUCTUM

U. ty"uuap-. a40 pb 274 5.9

*ý10 39C. o'ljiqeKwa % A*-
se 17•00000 r . - 37 v 212 4.2

OopumanamuU B. Flezne 0
443-7 .. .. . . . 40 9 1060 3.0

-JPaA~o6"wMu B. Flesner
( 4437 . . . 40 6 10-0 2.9

AwTmmuC U3 4IOl"UbWflUUIpossmo KyJMTYPU IL
0 typhi .... * 49 tpw& 3200 16

To we. o•w,,ewuul a jW*
&-.e t15W000 r . . 50 24 12

Awwrew x3 xyjmrypu B.
@ typhbol. euueO 8 A*-v e IS l O0D0r . - . 50 0 25W0 12.8

AuwrTm I* 4topwumm-
~Tpoeu IL M 48-

Flexner 170 . . • - - 3384
• . T o ws e . € Sn y w w wl | a D 7 a3 .

® se 1500(X)Or ....
Amiurm min xyxb~ypu B.

Flexner. o6sayeunol 8
AOW I 50D0(00 r .. 46 a -- 41S.0

LEGEND: a) Preparation; b) 'No of animals; c) 50
nillion u'icrobial bodies; d) Resistivity
inidex; e) "U surviving; f) tiice; g) rats;

h) Formialin vaccine of 3. typhi; i) Same,
irradiated viith a dose of 1,700,000 r;

j) Formalin vaccine of 7. Flexner 4437;

k) aadio-vaccine of 3. Flexner 4437; 1)
Antigen froi fornialinized culture of B.
ty)hi; m) Same, irradiated with a dose of

1,500,000 r; n) Antigen from a culture of
.* typhi, irradiated with a dose of
1,500,000 r; o) Antigen frora for:,ialinized

culture of '. Flexner 1. p S
irradiated vrith a dose of 1,500,000 r;
(1) Antigen fro: culture of B. Flexner
irradiateo with a dose of 1,500,000 r.
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Table 3

Antigenic Properties of Serums From
Rabbits Inmunized by Radio-Vaccines

(OPaAwNMwMM B- tYPbl 45 410D 5W3 5120 1280
~)" ~o.aeiue 1290 I5M8 5380 6140 I=S

Pswaaa lm 26 900 1150 3580 1300 1150
4W 770 1060 1M 30

Symbols: I -- on the 7th day following the 1st immunization;
II -- on the 7th day following the 2nd immunization;

III -- on the 7th day following 3rd imunization;
IV -- on the 14th day following the 3rd immunization;
V-- on the 21st day following the 3rd immunization.

LEGEND: a) Immunization; b) Mean titer of agglutinis; c)
Radio-vaccine of 3. typhi; d) Formalin vaccine of
3. typhi; e) Radio-vaccine of Flexner 26;
f) Formalin vaccine of Flexner 26.

Effect of Ionizing Radiation on Anatoxins

Diphtheria and tetanus anatoxins were subjected to irradia-
tion at a dose of 1,500,000 and 2,000,000 r. Both native prepara-
tions as well as those adsorbed on aluminum oxide hydrate were
irradiated, adsorption generally being known to increase the immuno-
genic properties of preparations.

To test the immunogenic properties of irradiated diphtheria
anatoxin smh~l pigs were i~munized twice (with native preparations)
or once (Aith the adsorbed preparation). The immunity was checked
a month after the immunization had been completed by administering
various toxin doses to the young pigs. The experimental results
are presented in Table 4.

As seen from Table 4, irradiation did not change the iummuno-
genic properties of native anatoxin. However, it greatly altered
the immunogenic properties of the adsorbed anatoxin.

The irraunogenic properties of irradiated tetanus anatoxin
was detenrined by experiments on white mice. The experimental
results are presented in Table 5.

7 + O '



TabL*-- 4

Effect •f -- ,rays on Diphtheria Anatoxin

rrradiiation with a Dose of 1.500.000 r

t % m.4 y m-

g) adorbe

2D as. 7192.3
®Axp~uRsUN~ lo 0 -011 0 0

5W 22.3
2W0 so 9.1
125 354 50

LEGEND: a) Immunization of pigs with anatoXin;
b,) Toxin dose in Dim; c) % survival rate
of pigs immunized with anatoxin; d) nion-
irradiated; e) irradiated; f') native;
g) adsorbed

The results in Table 5 were obtained somewhat differently
from those for irradiation of diphtheria anatoxin. In spite of the
fact that irradiation was carried out at a still higher dose --
2,000,000 r, the immunogenic properties were preserved npt only for
the irradiated native anatoxin, but the adsorbed preparations follow-
ing irradiation hardly differed in immunogenic properties from the
original unirradiated anatoxin. Thus, the native anatoxins can be
subjected to radiation sterilization without loss of their immuno-
genic properties. The problem of sterilizing adsorbed preparation
calls for further research.

Effect of Ionizing Radiation on Antitoxin Serums

Both native anti-diphtheria serums as well as those concen-
trated and purified by the Diatherm-3 method have been subjected to
radiation. The serums were irradiated with a dose of 1,500,000 r,
and also with a dose of 600,000 r, which as indicated above is
sufficient to kill the vegetative forms of many bacteria. The anti-
toxin titer was determined in vitro by the flocculation method, and
also in guinea pigs by the Remer method. The relative viscosity of
the serums was also determined.

As seen from Table 6, irradiation in a dose of 600,000 r
either does not reduce the antitoxic titer of the serums at all or
reduces it very negligibly. Irradiation at a dose of 1,500,000 r

8 3csc



however sharply reduces tht. antlitýo.tn titer in the serum irrddizted.
This decrease amounted to )N for the natiwe serums, and for the
purified - 15-20%. An oven greater decrease in antitoxin titer

was observed upon irradiation with a dose of 1,500,000 r of anti-
perfringens serum.

Table

Irradiation of Tetanus Anatoxin
Dose of 2,000,000 r

g-., -

0 14 U.5

a a togo 48 as

LEGEND: a) Immunization; b) Number of animals;
c) Survived; d) Absolute number;
e) Native anatoxin, two-fold immunization;
f) Nonirradiated; g) Irradiated
h) Adsorbed anatcain, single immunization

Electrophoretograms and spectrograms of irradiated serums
showed that large radiation doses induce physicochemical changes
in them corresponding to the intensity of the irradiation, but
precisely what reactions derive therefrom has thus far not been dij-
covered. Figure 2 presents photographs of electrophoretograms of
normal and irradiated serums, and also microphotograms taken of
such serums with the photoelectric MF-2 microphotometer. From the
electi-ophoretograms it is clear that at high doses the globulin
fractions are degraded and, perhaps, new fractions are formed, but
it is impossible to determine how mary. The spectrograms (Figure 3)
give only a picture of the intensity of the process occurring as a

function of the dose of irradiation. The spectrophotometric curves
of the absorption coefficients in the ultraviolet portion of the
spectrum yields for the irradiated and unirradiated serum absorption
maximums and minimums in the same parts of the spectrum. The

curves run parallel, differing only in intensity..tbl Co ,
'Best h au
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The data presented atf ford several preliminary conclusi~ons on
the ways of using ionizing radiation In producing bacterial prepara-
tions.

41

oomlf24- irradiated onr;m

;. ~2 -- with a dose of 500, 000 r;
~ g 3--with a dose of-1,000,000 r;

*~'~ . 4-with a dose of 2,000,000 r;
~~~~A- albumins; , 1' -

- ~globulins

20ý

Jo - .4.

The starting point for dealing with this question is the
proven position on the sterilizing effect of' 'y-rays.- We were able
to confirm this position already well know~n in the literature by
our own Investigations. Here we must say that we are dealing now
with the use of the sterilizing action namely of 'fS-rays, since
in the range of radiation energy of interest to us they do cause
induced radioactivity, which would make the method of cold sterili-
zation practically inapplicable. In addition, it also was impor-
tant to be convinced through the cýperiments that the sterilizing
doses of or-.rays act bactericidally even on thick suspensions of

11 estA~JdAb,- COC0PY
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nicrobial bodios, which are obtainod by using mcderin m iethods of
producing microbial vaccinea, and awoun' to concontrations of 2d\ý
billion to 30 billion m..crobial bodies andM r .1 ml.

3W

a -

AiVr 3.F AVAIn
Figurv 3. Speotrophoto-btric 'Ourves t. •absorption

o MO fi~nts .Of blood 5eram qf iabbits.
Irri iatod with X-ray 0

S- ormal; 2 .. irradiated with a dose..9 t• •t3OO,0 r, ".

*iODi a) Absorption coefficiezit;,
b) "-avelength inulp."

Tho possibility of colid terilization.-f bactqrial production
wastut -- an lnfactioa4. material both in the liquid and semisolid
-formConu.,natine Classwarn, *3s wtll..as th't oold s.iirlization of
cltii giatsw"rt before plced iuothe..produotion pr oess does pot•
gIve riid to kky, doubt. The moCt edohomical radiation equiant
with surliqi4nt. Pass1ig powor corrovpondine tq theproduction. oapao-
ity of., the eiVen institute must be dwveloped.

As has been shown, mean.., havo 'beo, found. er the u'( of ion-
izinj' radiation In preparinn nutrient media, in producing :orpusoular
killed and chesridol intestinal vaccines, and diphtheria and tetanus
anatoxins. still called for is a special study of cold aterilization
of therapea-tic sormu-. Pjere it is important to note that in soveral
oases we are not dealing with the use of more itpuroved and reliable,
sterilization methods, but of how- to produce rew types of prparations,

For the practical solution of the problem of iondriin radia-
tion use in producing bacterial preparations, in addition to further
study of the physioal, ohemioal, and iumunological ohares in the
irradiated objeots, solutions must be fowtd to the technida3 problems



t•!Yo radiation bources and irradiator desip'ns. It .iay bo suppoed
that the mowt aqitablo nizinjV radiation source can be onrichad
iJi.ion products., The hypothetical value of the source is 250,000-
WU ,000 C. Sucli a sourcs would provide a passing capacity of the
cquipm40flt up to 6,00 O7,,00 r jr day (for a 20-hour working day) and

sttirili.;ation \ýoý 1,500, 0 0 r. flaned on technological grounds
•_ho eCuipiieht Uould advisably be used as a submerged radiation
•.,-,t'rv. With 4 proper solection of source configuration and method

Of irradiation, th© effectiveness of radiation use can reach 60-7O•.

Reeaivoi
9 JUly 1957
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